Recent analysis of the planet K2-18 b has shown the presence of water vapour in its atmosphere. While the H 2 O detection is significant, the Hubble Space Telescope (HST) WFC3 spectrum suggests three possible solutions of very different nature which can equally match the data. These solutions include a primary cloudy atmosphere with traces of water vapour and a secondary atmosphere with a substantial amount of H 2 O and/or an undetectable gas such as N 2 . Additionally, the atmospheric pressure and the possible presence of a liquid/solid surface cannot be investigated with currently available observations. In this paper we used the best fit parameters from Tsiaras et al. (2019) to build JWST and Ariel simulations of the three scenarios. We have investigated 18 retrieval cases, which encompass the three scenarios and different observational strategies with the two observatories. Retrieval results show that twenty combined transits should be enough for the Ariel mission to disentangle the three scenarios, while JWST would require only two transits if combining NIRISS and NIRSpec data. This makes K2-18 b an ideal target for atmospheric follow-ups by both facilities and highlights the capabilities of the next generation of space-based infrared observatories to provide a complete picture of low gravity planets.
INTRODUCTION
Recent observations of K2-18 b with the Hubble Space Telescope (HST) have, for the first time, revealed the presence of water vapour in the atmosphere of a low gravity planet orbiting within the habitable-zone of its star. This detection, published by two independent studies, Tsiaras et al. (2019) and Benneke et al. (2019) , is particularly exciting if compared with the featureless atmospheric signals observed so far in the Super-Earth/Sub-Neptune regime. However, while the water vapour feature is evident in the HST-WFC3 observations, it is not possible to constrain its abundance, in particular relative to H/He and other undetectable gases. The narrow wavelength coverage of the HST-WFC3 camera does not allow to disentangle among a primary atmosphere, i.e. mainly composed of H/He, or a secondary atmosphere, i.e. an atmosphere which has evolved from the primordial composition and contains a non negligible fraction of gases other than H/He. To capture the variety of possible cases which could explain current WFC3 observations, three main scenarios were identified in Tsiaras et al. (2019) : these are summarised here:
1. A secondary atmosphere with a mean molecular weight explained by water vapour (up to 50%) additionally to H/He.
2.
A secondary atmosphere with traces of water vapour additionally to one or multiple undetectable absorbers (e.g. N 2 ) and H/He.
A cloudy primary atmosphere composed mainly by H/He and traces of water vapour.
Most importantly, the thickness of the atmosphere cannot be inferred from the HST-WFC3 observations. This information is critical to constrain the bulk nature of the planet, i.e. whether K2-18 b is an Ocean planet with a liquid surface or there is a thick H/He atmosphere. In this paper, we simulate the ability of the James Webb Space Telescope (JWST) and the European Space Agency Ariel mission to observe K2-18 b's atmosphere. We then use spectral retrieval models to interpret the simulated observations. Finally, we discuss future prospects to understand the nature of this interesting planet in light of our simulations.
METHODOLOGY

Overview
To simulate various chemical compositions and structures of the atmosphere of K2-18 b and conclude on their detectability, we performed both forward radiative transfer models and inverse models (spectral retrievals) using the open-source Bayesian framework Tau-REx3 (Al-Refaie et al. (2019) , which is a more efficient and comprehensive version of TauRex (Waldmann et al. (2015a) , Waldmann et al. (2015b) ). TauREx is a fully Bayesian radiative transfer code which include the highly accurate molecular line-lists from the ExoMol project (Tennyson et al. (2016) ), HITEMP (Rothman & Gordon (2014) ) and HITRAN (Gordon et al. (2016) ). The complete list of opacities used in this paper can be found in Table 1 . TauREx3 is available on GitHub 1 and is optimised for Windows, Mac and Linux.
We followed a three-step approach. We started by simulating the three scenarios described in Tsiaras et al. (2019) , i.e. a secondary atmosphere with comparable amount of H/He and water vapour, a secondary atmosphere with comparable amount of H/He and N 2 and traces of water vapour, a primary H/He atmosphere with clouds and traces of water vapour. The parameters used in these forward models are detailed in Table  2 .
Transit spectra were generated with TauREx3 at high resolution and then binned to the resolution of the observations. To simulate JWST and Ariel performances, we used the noise simulators ExoWebb (Edwards et al. 2019a ) for JWST and ArielRad (Mugnai et al. 2019) for Ariel. We assumed the JWST observations are performed with NIRISS and NIRSpec, therefore the total number of observations reported here should be interpreted as equally split between these two instruments. The combination of NIRISS and NIRSpec ensure an op- timal wavelength coverage from 0.8µm to 5µm: the instrument setup chosen is summarised in Table 3 . When performing the retrievals, we do not scatter simulated observed spectra for the reasons outlined in Feng et al. (2018) and Changeat et al. (2019) . The simulated observed spectra were then used as input to TauREx3, retrieval mode, to analyse their information content and assess, by inspection of the posteriors, whether the three atmospheric scenarios could be disentangled.
Forward model assumptions
As the nature of K2-18 b is still poorly known, we have adopted very basic assumptions in our forward models. As in Tsiaras et al. (2019) , we have assumed isothermal and isocompositional atmospheres; clouds are simulated using a basic grey cloud model, where the atmosphere is completely opaque below a given pressure. We included absorptions from H 2 O and N 2 , Collision Induced Absorption (CIA) opacities for H 2 -H 2 and H 2 -He and Rayleigh scattering (Cox 2015) . N 2 , being an inactive species, contributes only to the continuum and does not show molecular features. We expressed abundances as ratios of H/He. This allows an easier comparison of our retrieval results and ensures an optimal sampling of the parameter space (i.e. no boundary effect around mixing ratios of 1). Table 4 . Simulations of K2-18 b with JWST and Ariel as reported in this paper. The number of transits considered and the spectral resolutions are indicated.
Parameter mode prior radius (RJ ) linear 0.01 − 0.5 temperature (K) linear 50 − 600 H2O/H2 log 10 −5 − 10 N2/H2 log 10 −5 − 10 P clouds (bar) log 10 1 − 10 −5 Table 5 . Free parameters and uniform priors adopted in the retrievals
For both missions we investigated three cases by varying the number of observed transits. The list of investigated cases is summarised in Table 4 . Being K2-18 a relatively faint star and K2-18 b a small and cold planet, this target is challenging for Ariel, so a larger number of stacked transits is considered compared to JWST. As this planet has an orbital period of approximately thirtytwo days, we restrain the maximum number of observed transits to fifty.
Retrieval Model Assumptions
We performed, in total, eighteen retrieval cases, i.e. 3 atmospheric scenarios × 2 observatories × 3 maximum number of combined transits. We used the nested sampling algorithm Multinest (Feroz et al. 2009 ) with an evidence tolerance of 0.5 and 750 live points to fit our simulated spectra. We retrieved the following free parameters: planetary radius at 10 bar, atmospheric temperature T s , water to hydrogen ratio (H 2 O/H 2 ), nitrogen to hydrogen ratio (N 2 /H 2 ) and cloud top pressure (P clouds ). For each of the fitted parameters, we used the same uniform priors to avoid biases in the comparison. The retrieved parameters and the priors adopted for the retrievals are listed in Table 5 . Figure 1 illustrates the case where four and ten transits of K2-18 b observed with JWST NIRISS and NIR-Spec are combined. Figure 2 shows the simulated spectrum of K2-18 b when fifty transits observed with Ariel are combined.
RESULTS
In Figure ( 3) we show the posterior distributions for two particular cases: JWST 10 observations with NIRISS and NIRSpec and Ariel 50 observations. We find that JWST and Ariel will be able to distinguish among the three scenarios presented in Tsiaras et al. (2019) . This is also true in general for the other investigated cases and we report the results of our retrievals in Appendix.
K2-18 b is a small and cold planet orbiting a faint star, therefore it is optimal for JWST sensitivity, but expected to be challenging for Ariel which is optimised for warm and hot planets around bright stars (Edwards et al. 2019b ). According to our simulations, with 1 combined NIRISS and NIRSpec observation (2 transits required), JWST should be able to inform on the nature of K2-18 b. Ariel can also reach the same conclusions, but it will require more observations: while 10 combined observations with Ariel start to indicate the atmospheric differences (see Appendix), it is only after 20 combined observations that we distinguish among the three scenarios. 50 combined observations would provide a real insight on the atmospheric composition: this plan would require to observe all transits available during the nominal and extended mission lifetime.
In all the cases analysed here, the water abundance is always well retrieved due to the strong molecular features. The retrieved radius is always very well constrained -less than 2 percent in the worst case of Ariel observing 10 combined transits-. Cloud parameters are also retrieved correctly in all the simulations, with very small uncertainties. The temperature, however, is accurately constrained only when we combine more than 5 JWST observations, while all other cases do not converge to the correct solutions and have large uncertainties in the retrieved temperature.
In the case of a secondary atmosphere with water present only as a trace gas, the ratio N 2 /H 2 is retrieved correctly. By contrast, the retrievals provide only an upper limit for the N 2 abundance in the 2 other scenarios, i.e. secondary atmosphere with mainly H 2 O and primary cloudy atmosphere. 20 combined JWST observations offer very accurate and precise posterior distributions, allowing for an unambiguous characterisation of the atmospheric main gases in K2-18 b, the atmospheric temperature and cloud parameters. Finally, we simulated the cases of an atmosphere with a 10 bar, 1 bar and 0.7 bar pressures and we plot the corresponding spectra in Figure 4 . This test is important to determine the potential existence of a liquid or a solid surface, and therefore to constrain the nature of the planet. We ran again the retrieval simulations from Tsiaras et al. (2019) , which did not assume such surface to exist, using different surface pressures. We found that all 3 surface pressures would still be compatible with the observed WFC3 spectrum and confirm that current observations cannot determine conclusively the nature of the planet. We repeated the experiment for JWST simulated data and show the forward models for the heavy water solution 1 in Figure 5 . Figure 5 shows how for the same planet, the surface pressure influences the observed spectrum. While the observed spectra are different, the changes appear across the entire wavelength range, meaning that they should be very similar to changes in planet radius or cloud pressure. To investigate these degeneracies, we perform two retrievals for the cases with surface pressures of 10 bar and 0.7 bar and attempt to recover information regarding the surface pressure. We set the uniform priors for the retrieved surface pressure from 50 bar to 0.001 bar. The posterior distributions of these two retrievals is presented in Figure 6 . From the posteriors in Figure 6 , one can see that the two retrievals provide very similar posterior distributions. The surface pressure seems to be difficult to constrain directly. The case with surface pressure of 10 bars is unambiguously converging towards a high surface pressure solution, characterised by an upper limit of around 1bar. The retrieval on the case with surface pressure of 0.7 bar does not provide a definitive answer as it presents two poorly separated modes (see posterior distribution). The first mode is a high pressure with clouds (pressure lower than 1 bar) solution, while the second solution is closer to the true forward model with low surface pressure (peaking at 0.7 bar) and no clouds. This suggests that there are some hints of the lower surface pressure in the simulated spectrum in the Rayleigh scattering part, the Collision Induced Absorption or in the cross sections pressure dependence. However, the characterisation of the surface pressure for cloudy super-Earth planets is likely to be difficult, even in the case of JWST and Ariel. Figure 6 . Posteriors for the retrievals where we attempt to recover the surface pressure. Blue: the forward model was using a surface pressure of 10 bar; Purple: the forward model was using a surface pressure of 0.7 bar. The forward models correspond to the ones in Figure 5 .
The results presented here suggest that observations with future space infrared observatories will allow to characterise the nature of K2-18 b. While current facilities may be limited to disentangle between the three scenarios identified in Tsiaras et al. (2019) , as well as to determine whether the planet has a liquid/solid surface or not, complementary observations may provide additional constraints.
• Constraining the Rayleigh/Mie slope:
Additional observations of K2-18b transits in the optical, i.e. 0.3-0.7 µm, could help to constrain the presence of clouds or hazes in this atmosphere. In this spectral region, the data may contain a lot of information concerning the planetary radius and the atmospheric scale height, which could be very informative.
• Reflected light in eclipse observations or phasecurves: Eclipse observations in the optical could also help to identify and characterise clouds.
In general, clouds increase the planet albedo by reflecting visible light. Mansfield et al. (2019) has shown that cloud reflection could be distinguished from surface reflection by an increased albedo in the case of rocky planets. While this could be an interesting option, they only investigated surfaces for temperatures higher than 410K. They indeed highlighted the fact that water rich elements (formed at lower temperatures) could have a high albedo, which complicates the interpretation of the results. However, the reflected brightness of a primary atmosphere sub-Neptune or a planet with rocky surface should peak at phase 180 • while an ocean world would have a peak brightness around phase 30 • (Zugger et al. 2010) , providing a direct method to separate these different scenarios. Using TauREx in forward mode, we investigated the thermal emission of K2-18 b and found that the signal (flux ratio of the planet over the star: F p /F s ) would be lower than 0.01 percent at 50 µm. This means that the emission spectrum of K2-18 b is not observable with JWST. In the case of K2-18 b, reflected light also presents huge challenges. Indeed, the Signal strength for the reflected light case scales as , where A g is the geometric Albedo and a is the semi-major axis. Since K2-18 b is orbiting far from its host star (a = 0.14 AU Cloutier et al. (2017) ), the reflected signal is too small to be captured by current and next generation telescopes.
CONCLUSIONS
We simulated observations of the low gravity planet K2-18 b as recorded with the next generation of space infrared observatories, i.e. JWST and Ariel. K2-18 b is currently the only planet known in the low gravity regime with a confirmed water vapour detection. The simulations were based on the 3 degenerate solutions identified in Tsiaras et al. (2019) from the Hubble Space Telescope WFC3 observations. By performing a retrieval analysis of these scenarios, we show that the next generation of space telescopes will be able to distinguish among the 3 cases.
The minimum required observations vary from 2 combined observations with NIRISS and NIRSpec for JWST to 20 for Ariel. Increasing the number of observations inevitably leads to better constraint on the atmosphere of K2-18 b. While the chemistry (both main gases and trace elements), temperature and clouds properties of K2-18 b seems to be in reach of the future observatories, our retrieval simulations indicate that the surface pressure may be difficult to directly constrain. APPENDIX APPENDIX: RETRIEVAL POSTERIORS 
